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Attacked is tha report of the everta surounding the June 11, 1887 trip of tha Armpin-
Rocky Run 345ky ine located in North Central Wisconsin. The facility is located on the
MAPP, MAIN Wisconsin interface, and had significant eifect on bath MAPP and MAIN
members. .

This avent clearly indlcatad the need for @ cooperative Interregionel raview, and
subsequandy three groups of MAPE and MAIN membears were ¢reated fo study and
coordinate Phase Angle, Dynamics and Ralaying aspects of the event, Tha {ocus of
#ach group was to investigate the avant, and to develop processes to minimize the
likelincod of recurrence. 5

This report addrassas the event itself, but it should be noted that the cooparativa affort
between MAIN and MAPP did nct end here. MAIN and MAPP continue to work on
ragional problems and differencas in the realm of Line Loading Relief and ATC
caiculations, and are making significant progress in finding commeon ground that wilt
lead to resolution of issuas that concem both reglons.
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Sha! Barg Dave Miit
MAPP Ragion MaIN Region

¢ Jim Brown, DOE
Grag Cucchi, NERC OC Chair
Don Baenjamin, NERC
Marty Mennes, NERC SCS Chair
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Summary of Minnesota - Wisconsin Separation
June 11, 1997

INTRODUCTION

The slectric tranamiasion system in the upper Midwest consists of primarily a
345 kV transmission system with underlying 161 and 138 kV lines. Large
amounts of economical generating capability exist within the MAPP region both
In the coal fields in Western MAPP and in Manitoba Hydro. This often results in
economic incentives in an opan marsketplace te move large amounts of this
aconemical anergy to higher cost greas to the east and south, Historically, the
flow on the MAPP - Wisconsin Interface was limited by vollags constraints within
MAPP. However, partly due (o the capacity sltuation in MAIN for the summer of
1997 and the desire to incraase capabiliities, many capacitors were added 1o the
345 kV circuit from MAPP to eastern Wiseansin to silaviate the voltage -
limitatior..

JUNE 11, 1987 INCIDENT

On June 10Q, 1897, large amounts (histerical isvels) of power were being
exported from MAPP to the MAIN region to the east (1349 MW to MAIN with
MAIN to TVA and ECAR exports of 1955 MW and MAIN o SPP of 1756 MW) and
simultaneously from MAPP (o the SFP ragion to the south (2107 MW). In
addition, there were northi to south transfars within MAPP. These record energy
schedules resulted in high flows on a number of 348 kV transmission lines within
the MAPP and MAIN regions.

Soma transmission linas in the Nebraska area were approaching guide limits.

As a result, the MAPP Centar was in the early stages of Line Loading Rsiief, and-
had aiready collected schedule information for H.E. 0100 in preparation {for
schedula reductions (o allaviate iransmission loading on the MAPF-SPP
intarface.

Shortly after midnight on the night of June 10 and merning of Suna 11, the Arpin
to Rocky Run 345 kV [ine betwaen MAFP and MAIN in central Wisconsin
tripped. The relays &t the Rocky Run substation iripped at an ampere [avel
below their settings, pessibly due to unbalanced phase currents. The f{rip of the
Rocky Run breakers reduced the flow on tha interface enough ta trip twe Eau
Claire capacitor banks due to high voltage. The subsequent sutomatic recicse
of the Rocky Run breakers returned tha high flow, but without the assistance of
the two Eau Claire capacitors. Without the capacitor banks, the vellage dropped
and current increased to a point that tripped braakers at Arpln. This resulted in
the opaning of the Minnesotfa = Wisconsin, MAIN — MAPP intarface.
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This line loss resulted In Increased anergy flow to the south through MAPP, |t
also produced low valtages in southeastern Minnescts, southwestern Wiscansin,
eastern lowa and nerthwestam lilinois, heavy loading of parallel systems and &
large phase angle across the open tia (95-1200) at the Arpin Bus, This raquirad
a re-dispatch of genaration, ramping up in MAIN and down in MAPP, In arder to
reduca the phase angle to allow the ling to ba closed.

The MAPF Centar was able to begin reducing schedules very quickly to start
lowering line flows and exparts. Meanwhile, MAIN compenies bagan ramping
genaratlon up In & coordinated effort to reduce the Arpin phase angle to a low
enough value to reclese the 345 KV line.

At the time that the Arpin breaker opsned, Ioading increased on the already
heavily loaded Cooper to 8t. Joseph and the Coopsr to Falrport 345 kV lines
betwaen Nabraska and Missouri dus to the export schedules from MAPP to SPP
and to MAIN. These lvading condltions were near relay limits and triggered
overloading alarms at Nebraska Public Power District's (NPPD) Cooper Station.
A subsequent load flow analysis of the sltuation by NPPD invaestigating a
potential subsequent trip of the Cooper fo St. Joseph 345 kV line ravealed that,
had this line tripped, every remaining 345 and 161 kV tie into SFP and MAIN
would have been averloaded. This would likely have resulted in a separation of
tha MAPP system.

The prompt aclions of system operators in MAIN and MAPP to raise generation
in Wizconsin and t¢ reduce generation in northern MAPP certainly helped to
pravent further uncontrolled ralaying . Approximately two hours after the initjal
trip of the Roaky Run breaker, the phase angie across the open breaker at Arpin
had been reduced o 570 and the line was raclosed by the operators refuming
the systern to normal. .

ACTIONS SUBSEQUENT TO INCIDENT

Following the incident, relay enginaering personnel reviewad the incident. The
relays wers tested in the field and a system banch test was conducted to attempt
to replicate the event. No problems were found and the event cauld not be
réplicated on the Bench. The trip satting of the relays were raised on Jure 13th
at both Arpin and Rocky Run and the Rocky Run to Arpin automatic reclosing
was disabled on June 25th 1987,

Three grou;siwere commissioned 0 investigate this event and make
recommandations in three areas. A Phase Angle Commitiee was formed ang
the MAIN Dynamics Task Force and Relay Task Forca were axpanded. These
groups are made up of MAIN and MAPP rapresentatives.
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Minnescta - Wisconsin Phase Angle Committee

A Minnesota-Wisconsin Phase Angle Commitiee was established by MAIN
including MAPP members ta dstarmine actions nNecessary to iimit the phase
angla should the 345 kV line from MAPP inte Wiscongsin trip.

The Minnesota-Wisconsin Phase Angle Committee published a 15 page final
report concerning the June 11 trip on June 1 8, 1887. This cammittes also
published a 2 page report with pre-contingencsy line loading limitations om Jure
20 with & 8 page revision on July 18, 1997, and August 15, 1997 Including a
method to reduce the phase engle after opening of the Minnesota-Wisconsin
interfaca,

The following limits were established as measurad at Arpin on the line from Eau
Clairs, These limils are based an low voltages and open circult phase angle
after joss of Eau Claire - Arpin during high ioading.

At a loading level of 775 MW:

WPL systern operations will inform MAIN to Institute Main Guide 1C to collact
and hold schedulss impacting Eau Claire to Arpin. MAIN, through Guide 1C
notifies MAPP to collect and hold schedules. MAPP will declare MAPP condition

"Yallow",

WPL system operationa will notify MAIN to Institute Main Guide 1C, for the
purpose of holding schedules Impacting flows from the Eau Clalre - Arpin line,
WPL will also inform the MAPP center of this actian, MAIN will coordinate
schedule holds with the MAPP center.

Al & loading level of 825 MW:
WPL will inform MAIN to cut schedules 1o reduce flow an Eau Claire - Arpinto a
lavel of lass than 800 MW.
Sinca June 11, 1987, flows on the Eau Claire - Arpin 345 kV line hava tequired
using the Arpin loading guide frequently. Experierica has shown that thege
loading limits are appropriate. Howevar, there still nesds tobe a proactive
mathed of limiting the flows on the Bau Claire - Arpin 345 kV lins, Such a
methad must recognize the real woeld iimits in the calculation and application of
ATC. Schedulegs should be limitad through the scheduling process rather then

* waiting for line loading relief. This is further evidenced from the following
preblems which have occurred occagionally with these limits.

Low voltege at Arpin. This voitage was improved after installation of capacitor
banks at Arpin on June 30, 1897.

Automatic tripping of the 68 kV DPC - WPL ties at Council Creek and Hiiitop

Flows ramp up quickly with 30 MW increasss at any time and with larger

increases qr decraases during schedule changes at 0000, 0800, and 2200,
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The Minnesota-Wisconsin Plage Angie Committes has davaloped and approved
8 coordinated method of ramping up generation in MAIN and ramplag down
generation in MAPP afer tripping of the Minnesota-Wisconsin 345 kV line. This
procedure ig neaded befora the line can be reciosed dus to the large phase
angle batween westsm and eastern Wiscansin, This phase angls increages
after of tha Minnesota:Wisconsin 345 kv kine trips, bacause lowar voltage
transmission systems between MAPP and MAIN overioad and consequeritly

« automatically trip.

Closing this line while the phasa angle between the systems Is larger than 80
dagrees, has caused problems with generatars near the closing peint. The mest
affected unit is Weslon 3, a base load coal unit near Wausau, Wisconsin.

Dynamics Task Force

In addition, the MAIN Dynamics Task ferce was expanded {o include MAPP
persannsl and is perfarming dynamie studies to raview the limits from a dynamic
stabillty perspective. The Task Force has collected getual data from the
incident and is working to builg a dynamics madel. The NERC SDDWG (Systern
Dynamics Database Working Group) modoel! is being utilized to perform the
analysis. The dynamics model requirad to fully analyze the MAPP-MAIN
interface s much larger than existing models used by MAIN and MAPP membaers
for analysis within their own areas. Tha task force has invested a considsrable
amount of wark In the bullding and tuning of this large madel. The Task Force
will then validate the SODWG muodel by simulating the actual events of June 11,
From inis validated modsl, other contingencies will be examined and the system
stability tested. Spacial Interast will be paid to the operation of the large
amounts of capacitor banks applied to this pariicular 345 kV circuit. The task
force will recommend an operating strategy for the capacitor banks. This wark ia
expectad to be completed in the next fow months.

Relay Task Forcs

The MAIN Relay Task Foree was also expanded to include apgropriate
persennel from MAPP and Minnesota companies. The group raviewsd the
report and actions of the Wisconsin group. Thelr racommendations were found
1o be appropriate. The relays at Arpin and Rocky Run are schaduled to be
raplaced in 1898, In addition, the Relay Task Force is expacied to werk closely
with the Dynamics Task Forcs to Implement any systern protection
recommendations that may resuit from the dynamic analysis.
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FURTHER ACTION

Coordination of ATC Values

refiect !imltattonsinrather systems as ca!cwatac{ by all parties as required by
NERG policy. The importance of accurate ATC values is reflected in the nead (o
preserve a viable transmission markatplace

Froactively Adhering to the ATC limits

if the phase angle acress an opan Amin - Eau Claire clreuit js to be limited by
limiting the flow across the interfacs, then the postad ATC values must be baged
on this limit and adhered to when sslling transmission. This is the case hoth far
conirol araa to control area transactions as arg the norm in MAIN and for
regional tariffs as is the cage in MAPP, Further, all fransactions, both firm and
nen-firm, hourly and longer, grid wide arangsments, and point {o point service
must all be included in the decramenting of the ATC values,

Coordination of Transmission System Loading Relief Procedurss

Whaen the actions of the parties to proactively limit the flow on the transmission
system fail and the system meets or exceeds tha limits, implementing ralief
procaduras serves as the finaj step. Thess procedures Must be coordinated
when the probiem is craated by transactions that produce affacts on others
Systems. This coordination shoyld {nehude:

Clear rules across regions far holding of snergy schedules.

Clear understanding of tha prierity lavels of tha schedules,

Joint processes for curtailing schedules,

Joint processes for releasing curtailments and reloading schedules.
Joint procasses for raturning to narmal oparation.

Steps taken 10 implement these further actions necessary

caordinators in each region. This task force is to undertake each of these issues
with the exception of the ralief procedures. The transmission loading refisf
procadures will be undertaken by the security coordinators themselves and will
also include the Southwest Power Pool. While a final date for resaclving all of
these issues is uncertain, the parties involved recognize that this is g high
priorlty issue and they will address & in the most timely manner possible, ilis
éxpectad that most of these issues ¢an be addressed by January 1, 1998,
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CONCLUSIONS

- The study wark of NPFD indicated that the MAPP sysiem, on the night of June
10 - 11th, 1997, came within a few megawatts of a systemn separation, Their
work spaculated on what might have happened with such a saparation including
under frequency and over frequency tripping of ioads and overspeead tripping of
generating units. It was suggested that soma reglonal blackouts could have
occurred, Such blackeuts would likely have been on g smaller scale then those
that occurred in the Wastern United States, but rio less significant to those
affected.

The importance of this near miss cannot be ignored. The need to effectively
manage the interfaces on a proactive basis is evident. In order to manage thase
interfaces, sil parties including regicnal canters, providers and the marketplace
must wark togather to preserve the reliability of the interconnected network and
to provide for a viable transmission marketplaca,

Much work has taken place since the Ingident on June 11, 1997. This work has
baen initially to pravent the rapeat of the conditions that existed that night,
Howsver, line loading relief continues en a frequent basis and the risk of rapid
changes in the flow on the facility remain as shergy schedulas are addsd. Much
work remains to be accomplished in ordar to fully caordinate the uss of this
critical interface. It is hoped that much of this work will be aceomplishad by
January 1, 1888, Both MAPP and MAIN and their respective members are
committed to regclving these issues in a expeditious manner to both maintain the
reliability of the {ransmission systam and to preserve a vigble transmission

systam marketpiace.
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